IMPORTANCE Psoriasis is a chronic inflammatory disease. The Mediterranean diet has been shown to reduce chronic inflammation and has a positive effect on the risk of metabolic syndrome and cardiovascular events. Thus, we hypothesized a positive effect on the onset and/or severity of psoriasis.
P soriasis is a common chronic inflammatory disease that affects 1% to 2% of the general population of all ages. 1 It is thought that in genetically predisposed individuals, psoriasis is triggered by environmental factors that vary over the course of life, such as trauma, infections, stress, smoking, and the consumption of certain drugs and alcohol. 2 Patients with psoriasis show a greater prevalence of obesity 3 and metabolic syndrome, 4 both of which confer a higher cardiovascular risk. 5 Inflammation could be the link between psoriasis and obesity. 3 Diet can play an important role in psoriasis. It includes many proinflammatory (eg, saturated fatty acids, heme, iron) and anti-inflammatory (eg, dietary fibers, some polyphenols) bioactive compounds. 6, 7 A proinflammatory diet has been associated with an increase in the incidence and severity of several inflammatory disorders, including inflammatory bowel disease (IBD) and rheumatoid disease. 8, 9 Furthermore, recent studies have shown that adherence to a healthy diet (such as the Mediterranean diet) may reduce the risk of long-term systemic inflammation 10 and thus the risk of metabolic syndrome, 11 cardiovascular events, 12 and other chronic inflammatory diseases. 12 The Mediterranean diet is characterized by a high proportion of fruits and vegetables, legumes, cereals, bread, fish, fruit, nuts, and extra-virgin olive oil, which is an important source of monounsaturated fatty acid (MUFA). The consumption of meat, dairy products, eggs, and alcohol is low to moderate. 13 One possible explanation for the Mediterranean diet's ability to reduce chronic, systemic inflammation relates to the anti-inflammatory properties of dietary fibers, antioxidants, and polyphenols-all significantly present in the Mediterranean diet. 14 The association between the Mediterranean diet and a lower incidence of chronic inflammatory diseases (eg, atherogenesis, rheumatoid arthritis, Crohn disease) has also been supported by intervention studies. 10, 15, 16 These dietary factors might also have an effect on the onset and/or severity of psoriasis. A review of the literature suggests that a diet rich in anti-inflammatory nutrients reduces the severity of psoriasis. 17 Indeed, it has been previously reported that a low consumption of MUFA is the main predictor of the clinical severity of psoriasis; MUFA might act as an adjunctive mechanism to decrease inflammation in patients with psoriasis. 18 Several studies have also reported that vitamin D may play a role in the pathogenesis of psoriasis owing to its role in proliferation and maturation of keratinocytes. 19 In fact, most studies have evaluated the role of individual foods and/or nutrients (rather than a particular overall diet or healthy lifestyle) in the development of psoriasis. 20 The objective of the present study was therefore to assess the association between a score that reflects the adhesion to a rather anti-inflammatory Mediterranean diet (the MEDI-LITE score 21 ) and the onset and/or severity of psoriasis.
Methods

Study Population and Design
The present study was performed within the framework of the NutriNet-Santé program, an ongoing, observational, webbased cohort study launched in France in May 2009. Participants 18 years or older with access to the internet are eligible for the cohort. All questionnaires are completed online using a dedicated website (https://www.etude-nutrinet-sante.fr/). The NutriNet-Santé study's rationale, design, and methodology have been described elsewhere. 22 In brief, NutriNet-Santé participants provide information on sociodemographic lifestyle and anthropometric factors, health status, physical activity, and diet at the time of enrollment in the cohort and each year thereafter. The NutriNet-Santé study is being performed in accordance with the tenets of the Declaration of Helsinki, and all procedures have been approved by the institutional review board at the French National Institute for Health and Medical Research and the National Data Protection Commission. All participants gave their electronic, informed consent.
Case Ascertainment
A specific, validated, 11-item, online self-questionnaire on psoriasis was distributed to the whole NutriNet-Santé cohort (158 361 participants) on January 10, 2017 (eTable 1 in the Supplement). 23 The participants' responses enabled us to identify cases of psoriasis and assess disease severity when present. We also identified incident cases of psoriasis (defined as those arising more than 2 years after inclusion in the cohort), to evaluate the participants' MEDI-LITE scores before the onset of psoriasis. Participants were classified into 3 groups: severe psoriasis, nonsevere psoriasis, and no psoriasis. The definition of severe psoriasis was based on both physicians' reports and patients' outcomes: a history of hospitalization, the use of systemic medications, a self-rating of "very severe" or "severe" disease, and a self-rating of a "very severe" or "severe" impact on quality of life.
Dietary Data Collection and MEDI-LITE Score Computation
Dietary intakes were assessed every 6 months through a series of 3 nonconsecutive, validated, web-based, 24-hour dietary records, randomly assigned over a 2-week period. [24] [25] [26] Participants reported all foods and beverages consumed during a 24-hour period. 21 The MEDI-LITE score ranges from 0 (no adherence) to 18 (full adherence) and includes 3 different categories of consumption (1 for each food group composing the Mediterranean diet).
Data Collection for Covariates
At baseline and during follow-up, self-questionnaires were used to collect information on sociodemographic, 
Statistical Analysis
Quantitative variables were reported as median (interquartile range) or mean (SD). Qualitative variables were reported as the number (percentage) of participants. The characteristics of the participants who completed the psoriasis questionnaire were compared with those of the participants who did not reply (eTable 2 in the Supplement). Unadjusted comparisons among the severe psoriasis, nonsevere psoriasis, and no psoriasis groups were based on an analysis of variance for quantitative variables and on the χ 2 test for qualitative variables. Multinomial logistic regression models with the MEDI-LITE score as the main exposure were adjusted for patient-related covariates (in tertiles, ranging from minimum to maximum adherence; tertile 1, a MEDI-LITE score of 0-7; tertile 2, a score of 8-9; tertile 3a score of [10] [11] [12] [13] [14] [15] [16] [17] [18] 
Sensitivity Analyses
To minimize selection bias, the sensitivity analyses (1) included only participants with physician-diagnosed psoriasis and (2) excluded those with other diseases with a predetermined genetic basis similar to that of psoriasis and known to be related to diet (eg, IBD and/or ongoing systemic treatment with methotrexate, acitretin, cyclosporine, and/or biologics).
To limit classification bias, the second sensitivity analysis included only participants with severe psoriasis who reported a history of hospitalization and/or the use of systemic therapy.
Finally, we restricted our analyses to incident cases of psoriasis; this limited the influence of confounding factors that may have modified dietary behavior after the diagnosis of psoriasis and that had not been taken into account in our final model.
The threshold for statistical significance was set at P <.05. All analyses were performed with SAS software (SAS Enterprise Guide, version 7.1, SAS Institute Inc).
Results
Characteristics of the Study Population
Among the 35 735 participants (22.6% of the all cohort) who replied to the optional online psoriasis questionnaire, 27 220 were women (76.2%), and 8515 were men (23.8%), with a mean (SD) age of 47.5 (14.0) years (Figure and Table 1 ). The participants who completed the psoriasis questionnaire (ie, responders) did not differ significantly from the nonresponders except that the nonresponder group had a younger mean age and a higher proportion of active smokers (eTable 2 in the Supplement). Data on the MEDI-LITE score and the different food groups and nutrients were available for 30 882 patients. The 4853 participants with missing data (corresponding to 13.6% of the responders) had recently joined the cohort and thus lacked sufficient dietary records; accordingly, they were excluded from the analyses. The groups of included and excluded persons did not differ significantly with regard to sociodemographic characteristics and comorbidities (ie, age, sex, BMI, physical activity, smoking status, educational level, health status, and personal medical history; data not shown).
A total of 3557 patients indicated that they had psoriasis, corresponding to 10.0% of the responders, and 2.2% of the whole NutriNet-Santé population. Of the 3557 patients with psoriasis, 878 (corresponding to 24.7%) reported severe psoriasis and 299 (8.4%) had incident psoriasis (arising more than 2 years after inclusion in the cohort).
Factors Associated With the Severity of Psoriasis
The results of the univariate analyses are summarized in Table 2 . Patients with severe psoriasis had a higher risk of having a MEDI-LITE score of 0 to 7 (first tertile, low adherence to the Mediterranean diet) (n = 339; 46%) compared with patients with no severe psoriasis (n = 839; 36%) and patients with no psoriasis (n = 9915; 36%). As detailed in Table 2 , associations were also noted for sex, BMI, smoking status, physical activity, educational level, cardiovascular disease, hypertension, diabetes, hypertriglyceridemia, and depression.
In a multivariable analysis, the MEDI-LITE score was significantly and inversely associated with the severity of psoriasis in models 1, 2, and 3 (supporting data reported in Table 3 ). There was also an association found in model 4, but the association was not statistically significant (Table 3) . Participants with severe psoriasis had a lower MEDI-LITE score (ie, less adherence to the Mediterranean diet) than participants with nonsevere psoriasis and psoriasis-free participants.
Sensitivity Analyses
The results of the multivariable analyses were similar when we considered only patients participants diagnosed with psoriasis by a physician (whether a dermatologist or not; n = 2655 cases of psoriasis, including 712 severe cases) or a dermatologist in particular, (n = 1755, including 566 severe cases), and excluded participants with IBD and/or systemic treatment (sample: 731 severe psoriasis, 2275 nonsevere psoriasis, and 27 571 psoriasis-free participants). Likewise, similar results were obtained when the definition of severe psoriasis was based solely on a history of hospitalization and/or systemic therapy for psoriasis (sample: n = 441). Finally, a multivariable analysis of the 299 cases of incident psoriasis yielded much the same odds ratios as the analysis of the total population (eTable 3 in the Supplement).
Discussion
The present study of the MEDI-LITE score revealed an inverse association between adherence to the Mediterranean diet and the severity of psoriasis. This association was still present after adjustment for sociodemographic variables, history of cardiovascular disease, and depression. Thus, patients with severe psoriasis adhered less strongly to the Mediterranean diet; this finding may support the hypothesis that the Mediterranean diet is associated with less severe psoriasis (as proven for other inflammatory diseases). 15, 16 To our knowledge, only 1 study has reported an association between psoriasis and the Mediterranean diet. In a crosssectional study, Barrea et al 34 found an association between the adherence to the Mediterranean diet on one hand and the severity of psoriasis (as assessed by the Psoriasis Area and Severity Index) and serum C-reactive protein levels on the other. Indeed, the proportion of individuals with low adherence to the Mediterranean diet was higher in a group of patients with psoriasis than in a psoriasis-free control group matched for age, sex, and BMI. However, the study's design and small sample size (n = 62 patients with psoriasis) constitute major limitations.
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Our present results from a cross-sectional observational study neither prove the existence of a direct, causal relationship between psoriasis and diet nor provide mechanistic information on the relationship. However, a number of hypotheses can be justifiably considered.
First, a proinflammatory diet might trigger psoriasis. The results of a recent study emphasized the major impact of nutrition on the immune system. 35 The lymphoid organs and the cells of the immune system (most of which are present in the gastrointestinal tract) are directly influenced by the environment in general and food in particular, from embryogenesis onwards. Notably, polyunsaturated fatty acids, ω-3 fatty acids, folates, and vitamins A, D, and E may have a special role by virtue of their anti-inflammatory actions. 14, 17 Furthermore, a specific diet may alter the intestinal microbiota and b Reference is no psoriasis.
c The MEDI-LITE score range for tertile 1 was 0 to 7; for tertile 2 it was 8 to 9; for tertile 3 it was 10 to 18. Odds ratios (95% CIs) were estimated using multinomial logistic regression and adjusted for matching variables. thus promote inappropriate immune responses (eg, alteration of the T-regulatory cell-T helper cell type 17 balance) that can trigger digestive and systemic autoimmune diseases. In managing IBD, an anti-inflammatory diet with high probiotic and ω-3 contents might be of value because of its direct action on the intestinal microbiome. 8 Also, diet can alter the expression of various immunity-related genes through epigenetic modification; this constitutes an additional link between the environment, nutrition, and disease. 35 Changes in Western diets over recent decades (eg, to include highly processed foods that are low in micronutrients) might explain the increased incidence of allergic, inflammatory, and autoimmune diseases. 35 In the present study, there seems to be an inverse association between MEDI-LITE score and severity of incident cases of psoriasis. The absence of significance could be explained by a lack of power: of the 299 incident cases of psoriasis, severe psoriasis was limited to 69. Second, a proinflammatory diet might aggravate psoriasis. It is already known that consumption of a proinflammatory diet is linked to an increased risk of obesity and metabolic syndrome 36 -both of which are associated with more severe psoriasis 37 and a higher cardiovascular risk. A growing body of evidence supports the presence of multiple associations among obesity, metabolic syndrome, and psoriasis, and there is probably a bidirectional association between obesity and psoriasis. 3 Indeed, the severities of psoriasis, metabolic syndrome, and systemic inflammation are interrelated. For example, Vadakayil et al 38 have reported higher serum C-reactive protein levels in patients with severe psoriasis and/or metabolic syndrome. Furthermore, more severe systemic inflammation may be associated with high blood pressure, the dysregulation of blood lipids, and disorders of carbohydrate metabolism-all of which would aggravate the symptoms of psoriasis. 39 Hence, in patients with psoriasis, a proinflammatory diet would probably accentuate systemic inflammation and worsen the skin lesions. In line with this hypothesis, several interventional studies have shown that dietary measures can decrease the severity of psoriasis. 14, 17, 40 Third, psoriasis might directly and causally alter eating behavior. This potential reverse causality bias cannot be excluded in the present study owing to the cross-sectional design of the survey. Environmental factors (such as sociodemographic factors and depression) are known to have an impact on diet quality. 41 In the present study, our multivariate analyses took account of the main confounding factors and did not modify the results of unadjusted analysis. However, other confounding factors may have been present. Indeed, published studies of the association between psoriasis and various foods and nutrients 14, 15 might induce patients to modify their eating behaviors-despite the absence of formal guidelines. In a recent study, 42 1206 patients with psoriasis filled out a dietary questionnaire; 86% of the participants stated that they had changed their diet (eg, with a decrease in alcohol and carbohydrate intakes, and an increase in fruit, vegetable, and vitamin D intakes) to improve their skin condition.
Strengths and Limitations
The present study had a number of strengths and limitations. The strengths include the large sample in NutriNetSanté cohort and the high accuracy of the food records. Indeed, food consumption was evaluated through at least 3 food surveys and a large food database (with more than 3300 items); this allowed intra-individual variability to be taken into account.
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The fact that NutriNet-Santé participants are all volunteers may limit the present results' generalizability; the cohort participants are likely to be more concerned about their health status than the general population. However, 87% of the NutriNet-Santé participants having reported psoriasis stated that this had been diagnosed by a physician, which minimizes classification bias. Furthermore, the psoriasis questionnaire used in the present study was derived from a selfquestionnaire with known, validated metrological properties; in the previous study, 23 patients who reported "having a psoriasis" and "it was diagnosed by a physician" accurately reported their diagnosis, with high sensitivity (93%) and specificity (98%). The prevalence of psoriasis was estimated at 2.2% (n = 3557 out of 158 361), assuming that the participants who did not reply did not have a psoriasis; such prevalence is expected in a French population. 1 The association between severe psoriasis and low adherence to the Mediterranean diet persisted after adjustment for known confounding factors, thus minimizing residual confounding bias. The severity of psoriasis was defined using both usual physicians' assessment (hospitalization and systemic treatment for psoriasis) and patients' self-reported severity. However, similar results were obtained when the definition of severe psoriasis was based solely on a history of hospitalization and/or systemic therapy with psoriasis medications, thus minimizing classification bias. Nevertheless, the proportion of missing data for depression was high (37%): the CES-D score that we took into account was incorporated into the NutriNet-Santé program in 2016 and thus was not administered to all participants. We did not use a multiple imputation method because of the high proportion of missing data (37%).
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Conclusions
In conclusion, the present results suggest an inverse association between a Mediterranean (anti-inflammatory) diet and the severity of psoriasis. This association was independent of a number of sociodemographic variables and confounding medical factors. Further prospective observational studies and randomized clinical trials are needed to confirm these results, and experimental data are needed to establish the mechanistic links between psoriasis and diet. If these findings are confirmed, an optimized diet should be part of the multidisciplinary management of moderate to severe psoriasis, with a view to increasing therapeutic effectiveness. 
